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1. INTRODUCTION 
 
1.1 THE COMPANY    
 
Alumeco´s goal is to be the solution supplier and service partner for their 
customers. They are the aluminium specialists who can provide consultancy, 
logistics and know-how for their customers. They are the guarantee for correct 
products and accurate solutions right from the start and on time. 
 
It is crucial that their customers experience more value through an 
Alumeco solution based on such quality determinations as flexibility, insight, 
commitment and especially dialogue. Therefore, they support their customers´ 
activities through IT-integration, closer co-operation, day-to-day deliveries and 
stock management based on a qualified forecast. 
 
In practice, this means that Alumeco must understand changes and shifting 
conditions. They must understand the market and be able to think creatively. At 
the same time, they must be focused on continually improving their employee’s 
qualifications as a key to flexibility. 
 
 
 
 
 
 
 
 
-PICTURE 1: logo of the company- 
 
 
1.1.1 THE PROBLEM AND THE OBJECTIVES OF 
THE PROJECT 
 
Alumeco’s strategy is to be the most effective logistic partner through 
effective handling and warehousing of aluminium products. 
 
In order to achieve this goal, Alumeco has to be working with the newest 
technology and constantly improve processes and methods. 
 
In the central warehouse in Odense the activity is mainly based on two 
high rack systems. One high rack is for handling aluminium sheets and the 
other one is for profiles and bars. The weekly activity on the two high racks is  
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more than 1500 orderliness per week. (500 sheets and 1000 profiles and 
bars). 
 
Therefore, Alumeco wants to investigate the opportunity to automate the 
process of packing profiles and bars from the existing high rack. Today the 
handling and packing of profiles is carried out manually by the stock workers. 
It means that it is a heavy physical process. Summing up, the goal to this 
project must be: 
 
• A packing line that can handle 70% of all orderliness 
 
• No handling of material by hand or manual crane 
 
 
Getting these goals Alumeco will save money, they will increase their 
incomes and they will become the leader in the handling of aluminium profiles 
and bars because nowadays there are no factories with an automatic method. 
In this way one of the Alumeco’s strategies we will achieve: to be the most 
effective logistic partner through effective handling and warehousing of 
aluminium products. 
 
1.1.2 THE CURRENT CENTRAL WAREHOUSE 
 
1.1.2.1 THE CURRENT PROCESS 
 
Today, since the supplier brings them the profiles until the final shipment, 
they have to follow some steps in a chronological order. They are correlative 
so they need to finish the previous one to be able to go on with the next one. 
Therefore, it is very important to carry out all of the steps in a right way. The 
steps which must be carried out are going to be shown in a graphical way to 
see the connections between the activities clearly (from left to the right): 
 
 
 
- PICTURE 2: steps of the process- 
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Now all of the steps are going to be explained with more details: 
 
 
STEP 1: The process begins when they 
receive an order. Therefore the operator 
enters the order number in the WMS 
(which is an automatic system which 
transfers the information to a high rack 
system in order to take automatically the 
profiles that they need to the order) and 
selects the material for the order. 
 
 
 
- PICTURE 3: step 1 of the process- 
 
 
STEP 2:  Now the high rack system 
(which is an automatic device which takes 
the profiles from the high racks) delivers 
the material at the packing station 
 
 
 
 
 
 
- PICTURE 4: step 2 of the process- 
 
 
STEP 3:  Now the operators prepare the 
wrapping paper. They put it over the 
packing table. They make this action while 
the high rack system takes the profiles 
and places that in the packing the steel 
construction. 
 
 
 
 
- PICTURE 5: step 3 of the process- 
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STEP 4:  In this step another automatic 
mechanism moves the profiles from the 
packing station (which is on both sides of 
the steel construction) to the steel 
construction. Now they can take the 
profiles that they need for the order. 
 
 
 
- PICTURE 6: step 4 of the process- 
 
STEP 5:  The two operators carry out the 
material from the steel construction to the 
packing table. The material can be carried 
out by hand (heavy physical process) or 
by crane (heavy profiles and bars). 
 
 
 
 
 
 
- PICTURE 7: step 5 of the process- 
                                               
STEP 6:  The operators finalize the 
packing and make the confirmation in the 
WMS system. 
 
 
 
 
 
- PICTURE 8: step 6 of the process- 
 
 
STEP 7:  When the packing is finished, it 
is placed in a zone close to the packing 
table and is ready to shipment. It is carried 
away by crane 
 
 
 
 
 
- PICTURE 9: step 7 of the process- 
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1.2 EXPLANATION OF THE IDEA’S 
GENERATION PROCESS 
 
There has been a hard work to find the best solution for the problem 
mentioned before. It means that it has not been very easy to get it. In this 
chapter everything related to the final idea that has been developed is going to 
be explained. 
 
1.2.1 PROBLEMS TO FIND THE PERFECT 
SOLUTION 
 
As it was mentioned in the last paragraph, there have been some 
problems to reach the final solution because there have been a lot of variables 
to take into account. In this chapter the most important problems are going to 
be described: 
 
 
• To take into account the existing equipments: one of the biggest 
problems, because every new designed equipment must be compatible 
with the equipment that they already have. This is a crucial aspect 
because, otherwise, they should change all the stuff that they already 
have and it would not be profitable. Beside the company has insisted 
on this aspect strongly. 
 
 
 
 
 
 
 
 
 
 
 
 
- PICTURE 10: examples of existing equipments- 
 
 
• The way of making the packing: It has also been on one of the most 
important problems to solve during the project. It has been very 
important because the wrapping paper must be over the packing table 
when the mechanism places the profiles on it. Every time that 
something has been thought about creating a mechanism to move up 
and down to place the profiles in the packing table, it has been found 
the problem of breaking the wrapping paper. But fortunately a solution 
has been found. 
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- PICTURE 11: problem with the wrapping paper- 
 
 
• To count and to pick automatically the right number that they 
need in each order: it has been another awkward problem. Actually, 
due to this problem it has been necessary to change the goals of the 
project (explained in Chapter 1.1.1) because it has been impossible to 
reach 70 % of the orderliness. It has been very difficult to find 
something to pick and count the thinnest profiles or bars. This is one of 
the most important conclusions which will be explained in the Chapter 
3 (CONCLUSIONS) 
 
• To move more than one row of profiles: if one profile is moved 
without lifting it up ,the surface of the profile which is under it would be 
scratched (due to this problem, it has not been able to reach one of the 
goals established at the beginning of the project: to handle the 70% of 
the orderliness). You can see it better in the picture below 
 
 
 
 
- PICTURE 12: problem with rows of profiles- 
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• Many different kinds of profiles: This is another problem because 
the shape and the measurements of the profiles must have been 
taken into account. For instance, you have to take into account that 
round bars can turn. This is also a problem that is commented in 
Chapter 3(CONCLUSIONS).You can see the whole ALUMECO’s 
range of products with all information about it in APPENDIX Nº1. 
 
  
 
 
 
- PICTURE 13: problem with different kinds of profiles- 
 
• To place the profiles in the right position on the packing table: 
this problem is related to the problem commented before about the 
way of making the packing .If something completely automatic is 
needed, the profiles must be ready to make the packing and they 
should be placed on the packing table in the right position to be 
packed. Apart from this problem, it is important to add that there is a 
lot of different orderliness and therefore there are no “standard” 
positions as in the picture below. 
             
 
 
- PICTURE 14: problem of placing the profiles- 
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1.3 HOW THE PROJECT IS APPROACHED 
 
After taking into account all of the problems and variables mentioned in 
the previous chapter, finally a conclusion has been chosen. It has been found 
that it has been impossible to reach a ‘’global solution’’ to be able to solve all 
the problems mentioned before. That is why it has been decided to focus this 
project on a ‘’ideal case’’ which has very little differences with some stuff that 
the company has already implemented (like the stuff to keep the profiles) but 
which has the same objective. Therefore, in this way, if the company finally 
wanted to implement a system to automate the packing line, they could use this 
project as a base for further studies. 
 
Therefore with this ‘’final idea’’ many of the problems mentioned before 
are solved. It is important to say that we have tried to be as much flexible as 
possible but, understandably, the finally mechanism has some restrictions 
which are very important to mention: 
 
• The designed mechanism is only available to work with one row of 
profiles (because of the problem in Picture 12) 
 
• The mechanism has been designed taking into account the 
information (weight and length) of the heaviest square bars that the 
company is currently working on. Therefore, this designed 
mechanism is thought to work with this kind of profiles. You can see 
this kind of profiles in APPENDIX Nº 1 
 
As it is clear, one the first objectives marked in this project (a packing line 
that can handle 70% of all orderliness) cannot be achieved because working 
with only the heaviest rectangular profiles it is impossible to reach this 
percentage of orderliness but even so it is strongly thought that with more time 
of studying of this developed idea, it could be possible to achieve to be more 
flexible and to get the desired percentage of orderliness. 
 
In CONCLUSIONS the things that could be improved to get the “desired 
solution” will be explained with more details. In this way, it could be useful if the 
company wanted to go more through with this issue. 
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1.3.1 HOW THE COMPANY CAN IMPLEMENT 
THIS PROJECT 
 
Even with all of the difficulties and with all the restrictions mentioned 
before, this developed idea, which is going to be explained in the following 
chapters, can solve many of all of the problems mentioned in Chapter 1.2.1. 
 
The best way of implementing this is to implement that to manage a 
smaller packing station (which they have but they hardly ever use) in which 
they only could work with this heavy square bars( with later studies and 
optimizing this idea they would be able to work with more kinds of profiles). It 
could be fine because, if this mechanism is thought to work only with this kind 
of profiles, they could use a little station in which they could just focus the 
work only on this kind of profiles. In this way they could work on parallel 
with the “big station” and they just could use one operator to be the 
person in charge of this “little station” .They would have two lines of work and 
in days when many orderliness are required it could be very useful. 
 
This idea of implementing that in the “small station” that they have has 
already been discussed with the company and they agree with this idea as a 
“possible” idea to implement that. It is a good way of implementing that 
because the “big station” that they have has a lot of components that are very 
difficult to change and therefore if they wanted to implement this idea there 
they should change a lot of things and it would not be profitable. 
 
Even so the company can assess its possibilities of implementing this 
project and they can see better and with more detail what is better for the 
future of the company. 
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1.4 EXPLANATION OF THE FINAL IDEA  
 
In this chapter the final idea that has come up is going to be explained 
with as many details as possible. In this way the idea and the designed 
mechanism will be understood easily. 
 
1.4.1 GENERAL INFORMATION OF THE FINAL 
IDEA 
 
The main idea of the final chosen idea consists of designing a 
mechanism in the steel construction that they already have. This 
mechanism consists of some bars connected all together and which are put in 
motion by a hydraulic cylinder. With this cylinder it is possible to lift the 
structure up. Besides, these bars are connected to a structure on the top in 
which there are two belt conveyors fixed there. In this way it is possible to 
move the profiles that the company needs in each order. These profiles 
needed for the orders, which are lifted up to a determined height, are moved 
to another conveyor belt which places the profiles in the packing table. 
 
As it was said before, the project has been approached taking into 
account the heaviest square bars and they have a minimum length of 3m  and 
a width of 0,2m  but the structure where they are kept has a length of 6m and 
a width of 0,5m .Therefore, each structure contains a maximum of 4 square 
bars (you can see that in the picture below).That is the reason why there are 
two mechanisms, one in each half (3m ) of the steel construction that they 
already have. Besides, in this way it is possible to work on parallel with each 
half of the structure and if they only needed for example 1 bar it would not be 
necessary to lift all of the profiles of the structure. 
  
 
-PICTURE 15: view of the structure to keep the profiles- 
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Anyway this designed mechanism will be explained later in Chapter 
1.4.3 with more details. You can also take a look on Drawing Nº1 to get a 
general idea about this. 
 
This is basically the idea that is going to be carried out during this project. 
You can also see this idea in the floor view picture below to have a first idea 
about how it is going to work: 
 
 
 
 
- PICTURE 16: floor view of the new idea- 
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1.4.2 PHASES OF THE “NEW PROCESS” 
 
Now the steps to reach the marked objectives of the project are going to 
be described. It is going to be shown in two different ways: 
 
1.4.2.1 STEPS OF THE GENERAL PROCESS 
 
The first one is a chart in which you can see the “new” entire process and 
the relations between the different parts that make it up. 
 
 
 
- PICTURE 17: new process of packing- 
 
It is clear to see that there is an important change with regard to the 
current activity that they do today (shown in Picture 2). This difference lies 
in the step in which the operators have to take the material from the steel 
construction to the packing table. Instead of carrying it out by operators, it 
will be carried out by the new designed automatic mechanism. 
  
 
 
1.4.2.2 SUB-STEPS OF THE DESIGNED MECHANISM 
 
But within this “different” step there are some tasks to carry out. This step 
has been split up in five sub-steps. They are the steps that must be carried 
out to get the goal of the project. You can see that in the picture below: 
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The designed mechanism places the 
profiles in the packing table 
The profiles are lifted up 
The profiles are moved trough several 
conveyor belts. 
The profiles are placed in the mobile 
construction in chronological order 
The mobile construction is moved to 
the right position in the packing table 
The profiles are placed in the right 
position in the parking table 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
- PICTURE 18: sub-steps of the new designed mechanism- 
 
 
These steps shown on Picture 18 are going to be described one by one 
and with pictures of each one to make this as clear as possible: 
 
 
STEP 1: The profiles are placed in the steel construction. In this step there is 
nothing new with regard to the process that they currently have. 
 
-PICTURE 19: picture of step 1- 
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STEP 2: The profiles are lifted up by the designed mechanism. They are 
lifted up a height of 1552mm  
 
 
 
-PICTURE 20: picture of step 2- 
 
 
STEP 3: The profiles are moved from the steel construction to a mobile 
conveyor. They are moved one by one and automatically. 
 
 
 
-PICTURE 21: picture of step 3- 
 
 
STEP 4: Now, the profile is already on the mobile conveyor. This mobile 
conveyor is moved (as you could see in Picture 15) through two rails on 
both of its sides. It is also moved automatically. 
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-PICTURE 22: picture of step 4- 
 
 
STEP 5: In this step the profile is placed in the right place on the packing 
table.  
 
 
 
-PICTURE 23: picture of step 5- 
 
 
STEP 6: When the profile is placed on the packing table, the mobile 
conveyor goes back to take the next profile and it will repeat the steps 
explained before. It is also done automatically. 
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-PICTURE 24: picture of step 6 
 
  
 As you have seen, on the packing table there are some rollers and the 
finished profile’s area (also with some rollers) is next to the packing table 
and that is why because it was thought that it could be a good idea to push 
the profiles from the packing through some rollers and to place them next to 
the packing table. In this way they would not need to carry it to the finished 
profile’s area ever time that they finish a packing. But this idea has not been 
developed so much and therefore it could be a concept to think about in 
subsequent studies. It will be mentioned in the chapter of CONCLUSIONS. 
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1.4.3 DESCRIPTION OF ALL OF THE PARTS OF 
THE DESIGNED MECHANISM 
 
As it has been explained, a designed mechanism is going to be the stuff 
in charge of lifting the profiles up. We have tried to imitate the structure on the 
picture below. The chosen material to design the mechanical parts of the 
mechanism has been: steel E350 due to the fact that this kind of steel is good 
for mechanical constructions. It has a yield stress of: 350y Mpaσ =  
 
 
 
-PICTURE 25: real mechanism - 
 
 
1.4.3.1 PARTS OF THE MECHANISM 
 
It contains:  
 
• A hydraulic cylinder which provides the power to move the 
whole mechanism and which is fixed to the floor. 
 
• 4 bars that are connected between them and which are moved by 
a hydraulic cylinder 
 
• A structure on the top in which the bars can be moved and 
joined and in which two belt conveyors are placed. This structure 
contains: a sheet on the top to place the belt conveyors, two UPN 
profiles to fix the bars in point C (you can see that in Picture 26) 
and to support the sheet on the top,5 reinforcing flat bars to 
avoid the bending of the sheet in the middle and a very thin 
sheet behind the reinforcing flat bars to let the wheels (see 
selected wheels in APPENDIX Nº 2) in point D go through the  
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structure (if not, the wheels would not have any place to turn 
around) 
 
• Two conveyor belts to move the profiles to the mobile conveyor. 
The selected conveyor belt is the model GUF-P 2041 CA of the 
company MK. This kind of conveyor has been selected due to its 
characteristics, like for example, the maximum load capacity (one 
of the most important reasons), the possible measurements of the 
conveyor (length and width) and because this kind of conveyor 
has a relatively simple integration into equipment. You can see the 
details about this conveyor and its support (to fix to the sheet on 
the top) in APPENDIX Nº 3.The selected length is 500mm and the 
selected width is500mm  
 
• A structure fixed to the floor to fix the structure and the bars in 
points A and B 
 
 
In the picture below you can see the initial position of the mechanism: 
 
 
 
-PICTURE 26: drawing initial position of the mechanism- 
 
Therefore it works in the following way: the pump provides the fluid to the 
cylinder and therefore the piston goes ahead. The piston rod which is 
connected with the 4 bars (by a bar in the middle) moves the bars. The 
points B and C of the bars are fixed with bars to a structure (which is fixed 
on the floor) but they can turn. The other points A and D have wheels 
connected and therefore these wheels go through the structure on the top  
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when the cylinder starts the movement. It is possible because there is a 
very thin sheet behind the reinforcing flat bars. 
 
Therefore it goes up until a determined height (1552mm ) as you can see 
in the picture below: 
 
 
 
 
-PICTURE 27: drawing final position of the mechanism- 
 
 
1.4.3.2 STUFF TAKEN INTO ACCOUNT TO DESIGN THE 
MECHANISM 
 
 This mechanism has been designed to lift up a total weight of 
1000kg .This because it has been needed to add all the weight of all stuff 
that has to be lifted up and this stuff is: 
 
 
• WIEIGHT 1 PROFILE: 
 
? 112 / 3 336kg m m kg⋅ = .  
 
? But in each half it was shown (Picture 15) that there are two. 
 
Therefore: 
. 
 
 
Total weight of PROFILES: 336 2 672kk gg ⋅ =  
 
 -AUTOMATION OF PROFILE PACKING- 
-ALBERTO NAVARRO BUENO- 23
 
 
• BELT CONVEYORS:  
 
? 80kg  Each one.  
 
? But there are two: 
 
 
 
Total weight of BELT CONVEYORS:80 2 160g kgk ⋅ =  
 
 
 
 
• STUFF OF THE CONSTRUCTION :  
 
? The dimensions of the sheet on the top are: 1,5 0,5 0,005× ×  . 
 
? It is made of steel with a density of 37850 /kg mρ = . 
 
? It is also known: M
V
ρ =   
 
 
Total weight of the construction: (1,5 0,5 0,005) 7850 30kM g= ⋅ ⋅ ⋅ ?  
 
 
 
 
 
TOTAL WEIGHT =670 16 30 80 60kg kg g gk k+ + =  
 
But logically there are more parts to take into account like bars but this 
weight is very little in comparison to the other weights. Even so the 
mechanism has been designed for a total weight of: 
 
 
TOTAL WEIGHT OF: 1000kg 
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1.4.4 ANOTHER MECHANISM 
 
  Another mechanism like the one you can see in the picture below has 
been another option to design. 
 
 
-PICTURE 28: sketch of another mechanism- 
 
 
This idea has been rejected because it should be necessary to use 4 
pistons and the cost of that would be very high. It has been thought to design 
this mechanism but only with one cylinder in each half (3m ) but there would 
be a lot of bending in the sheet to support the belt conveyors and the profiles. 
Besides, there are not too many mechanical parts to work on.  
 
The other idea shown before is more complete and more reliable.  
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2. CALCULATIONS 
 
2.1 INTRODUCTION 
 
In this part of the project all mechanical stuff that is used in the 
mechanism described in the previous part of the project is going to be 
calculated. To follow and to understand better the formulas and all the process 
which are going to be used to design all the stuff some information is shown in 
the last part of the project (APPENDIX). In this way it is easier to understand 
where the calculations come from. 
  
 Now it is important to remember the general data which we are going to 
be working with: 
 
• Material = Steel  E350    2350 /y N mmσ =      210E Gpa=    
 
• Coefficient of security of yield stress=2  
 
• Coefficient of security of yield stress :( APPENDIX Nº5)  yCsy σσ=       
 
• Theory maximum shear (APPENDIX Nº 6)                             
 
2.2 CYLINDER 
 
In this chapter all of the information related to the cylinder which provides 
enough power to activate the designed mechanism is going to be calculated. To 
have the complete information about a cylinder the calculations are going to be 
split up into five parts: stroke, maximum force, piston’s diameter, piston’s 
thickness, piston rod’s diameter (buckling of the piston rod) and pump. 
 
2.2.1 INFORMATION 
 
But before calculating all the elements described before, some 
information about the kind of the cylinder that is possible to choose is going to 
be shown. There are two kinds of cylinder, pneumatic or hydraulic but they 
have some differences between them. On the other hand, they have the 
common characteristic of the need of a pressure supply. Therefore, to find the 
right guidance system the two possibilities of pressure generation are going to 
be compared: 
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Advantages of pneumatic system: 
 
• The storage of air is easy because of the high compressibility, so that a 
central pressure system is possible. 
• High transfer distance of pneumatic systems, because air has a low 
viscosity and therefore a low decrease in pressure results 
• No backflow pipe or leak pipe 
• No additional fluid like oil 
Disadvantages of pneumatic system 
 
• The max. pressure is limited from 0.6 to 1.0 MPa, therefore a pneumatic 
system transfers lower forces as a hydraulic system.   
• A steady movement is not possible 
• When the air escapes  (exhaust), the system  is creating an exhaust noise 
 
 
 
Advantages of a hydraulic system 
 
• Generation of high forces and moments with compact measures 
• Stepless change of actuation velocity and drive. Reversal of the moving 
direction is possible. 
Disadvantages of hydraulic system 
 
• High acquisition costs 
• High requirements for the filtering and for the hydraulic fluid 
• Low transfer distance of pneumatic systems, because of the high viscosity of 
the fluids 
• Important properties of the hydraulic fluid (viscosity, density and 
compressibility) are dependent on pressure and temperature 
• Increased requirements for the environmental protection 
• There is a need for a backflow pipe 
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-TABLE 1: information about cylinders- 
 
Taking a look at the previous table of information about the two kinds of 
cylinders and focusing on the pressure that each one can reach, if you 
compare it with the pressure that is going to be selected on Chapter 2.2.4, it 
is clear to see that the right cylinder to be used is a hydraulic cylinder. 
 pneumatic hydraulic 
Energy carrier Air oil 
Energy source compressor pump 
Characteristics  Pressure 
p ≅ 6 bar (0.6 MPa) 
p ≅ 30 … 400 bar 
Transfer distance ≅ 1000 m ≅ 100 
Storage of energy Pressure vessel accumulator 
Energy converter Cylinder 
Compressed air 
motor 
Cylinder 
hydromotor 
Power density 70 … 1200 W/Ltr 
70 … 300 W/kg 
Approx. 2000 W/Ltr 
600 … 800 W/kg 
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2.2.2 CALCULATION OF THE STROKE 
 
The mechanism can be represented with the following sketches below 
(Picture 29 and Picture 30). With these sketches it is possible to find out the 
stroke of the cylinder. It is calculated in a graphical way. 
 
 
 
INITIAL POSITION 
 
 
 
 
-PICTURE 29: initial position of the mechanism- 
 
 
 
FINAL POSITION 
 
 
 
 
-PICTURE 30: final position of the mechanism - 
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Therefore the stroke of the cylinder can be calculated like this: 
 
3481006 658 mmstroke Lf Li= − = − =  
 
 
STROKE OF THE CYLINDER=348mm 
 
 
(Note: the initial measurements have been taken from a previous study of this kind of 
mechanisms) 
 
2.2.3 CALCULATION OF THE FORCE 
 
In this section the maximum force carried out by the cylinder is going to 
be calculated. To find it out, the diagrams of the forces of the bars which the 
mechanism consists of are going to be studied. In this way all reactions in the 
bars and the maximum force of the cylinder will be calculated. It is going to be 
calculated for a general position and in this way it will possible to know the 
value of the force of the cylinder and each angle in each moment 
(APPENDIX Nº4) . 
 
It is important to mention that a punctual load is assumed to calculate 
all the reactions but it is known that the “real load” is not like this. It is done to 
make the calculations easier. In following chapters this load will be 
approximated to a distributed load which is more similar to the “real load” than 
a punctual load.  
 
 
 
TOP TABLE 
 
 
-PICTURE 31: reactions on top table- 
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0 0
0 0
0 6 5 0 2 0
F x R cx
F y P R cy R d y
M zc P R d y a
= ⇒ =
= ⇒ − − =
= ⇒ ⋅ − ⋅ =
∑
∑
∑
 
325
325
PRdy
a
P PRcy
a
⋅=
− ⋅=
 
 
 
 
A-E-C 
 
 
-PICTURE 32: reactions on –A-E-C bar- 
 
 
 
 
0 R e 0
3 2 50 R e 0
3 2 50 2 R e 0
F x x
PF y P y R a y
a
PM za P a y a
a
= ⇒ =
⋅= ⇒ − + + + =
⋅⎛ ⎞= ⇒ − − ⋅ ⋅ + ⋅ =⎜ ⎟⎝ ⎠
∑
∑
∑
 
 
650Re 2
325
Py P
a
PRcy P
a
⋅= ⋅ −
⋅= − +
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D-E-B 
 
 
 
-PICTURE 33: reactions on D-E-B bar-- 
 
 
 
0 R cos 0
3250 Re 0
0 325 2 2 650 0
Fx bx F
PFy y Rby Fsen
a
Mzb P P a P Fcil sen a
α
α
α
= ⇒ + =
⋅= ⇒ − − + + =
= ⇒ ⋅ ⋅ + ⋅ ⋅ − ⋅ − ⋅ ⋅ =
∑
∑
∑
 
 
 
Solving all the equations it is possible to find the formula to calculate the 
force of the cylinder. It is on function of the value of the angle. 
2
cos
P aFcil b sen aα α
⋅ ⋅= ⋅ + ⋅
 
 
 
 
POSITION OF THE MAXIMUM FORCE OF THE CYLINDER 
 
The maximum force in the cylinder is produced when the angle is the 
smallest one, therefore it is this situation:  
 
 
-PICTURE 34: triangle of the angle with maximum force of the cylinder - 
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With this drawing, the angle in the position with maximum force of the 
cylinder can be calculated: 
200arc 8,75º
1300
tgα α= ⇒ =  
 
And with this angle and with the formula calculated before, the maximum 
force of the cylinder is calculated: 
 
 
2 2 1000 650( ) 6570
cos cos8,75 100 8,75 650
P aFcil kg kg
b sen a senα α
⋅ ⋅ ⋅ ⋅= =⋅ + ⋅ ⋅ + ⋅ ?  
 
 
 
max 6570 9,81 64500NF kg N
kg
= × ?  
 
 
MAXIMUM FORCE OF THE CYLINDER=64500N 
 
 
 
2.2.4 CALCULATION OF THE PISTON’S 
DIAMETER AND PRESSURE 
 
Now that the maximum force of the cylinder has been calculated, the 
piston’s diameter can be calculated. The pressure must be known to do that. 
For this reason having a look on the Table 2 of standard piston’s diameters it 
is clear that with the force that is needed for the piston(64500N) the pressure 
must be minimum 40 bar. Finally a pressure of 60 bar and a piston’s diameter 
of 125 mm are selected. 
 
 
 
-TABLE 2: standard diameter of hydraulic cylinders- 
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Now if you have a look at the table it is clear that with a pressure of 60 
bar and a piston’s diameter of 125mm a force around 75000kN is reached. 
But the piston is going to work with a force around 64500N and for this reason 
a recalculation of the real pressure which the cylinder is going to work must be 
done. 
 
 
2
64500 5, 25 52,5
125
4
FP MPa bar
A π= = =⋅ ?  
 
 
 
PISTON’S DIAMETER=125mm 
 
PRESSURE=52, 5 bar 
 
2.2.5 CALCULATION OF THE PISTON’S 
THICKNESS 
 
Firstly it assumed that the thickness can be calculated with the theory of 
the “thick-walled cylinder” (APPENDIX Nº 7) 
 
This theory has the following formulas:           
3 0
1
2
2
4
r
P d
t
P dz
e
σ σ
σθ σ
σ σ
=
⋅= = ⋅
⋅= = ⋅
?
 
 
As it was mentioned in chapter 2.1(information) the theory of “maximum 
shear”” is used to calculate stresses. 
 
 
 
It has these formulas (APPENDIX Nº 6):            
1 3max
2
1max
2
2 max
y
Cs
yCs
σ στ
στ
σ
τ
−=
= ⋅
= ⋅
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It is also known:       
 
252,5 5,25 ( / )
125
350
P bar MPa N mm
d mm
y Mpaσ
= =
=
=
 
 
 
With these formulas and the information that is already known, it is 
possible to calculate the thickness: 
 
2
1 3 1 0max
2 2 4
1 0,5 350max 87,5 /
2 2
P d
e
y N mm
Cs
σ σ στ
στ
− − ⋅= = = ⋅
⋅= ⋅ = =
 
 
Therefore if both parts are made equal:            5,22 12587,5
4 e
⋅= ⋅  
 
 
 
 
Now to check if the theory used is correct the following verification must 
be done: 
 
12540 62,5 40
2
d
t
> ⇒ = >  
 
 Therefore this thickness calculated before fulfil the requirements. 
 
 
PISTON’S THICKNESS=2mm 
1,864 2e mm mm= ?
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2.2.6 CALCULATION OF THE PISTON ROD’S 
DIAMETER (buckling of the piston rod) 
 
In this chapter the piston rod’s diameter is going to be calculated. The 
possible bucking of the piston rod is going to be taken into account to avoid 
the failure of this part of the mechanism due to the compression force. This 
phenomenon is seen in the picture below. 
 
 
 
-PICTURE 35: buckling of a column- 
  
 
As it is known there are two theories to study the buckling of the columns 
(Johnson and Euler) but firstly it is assumed that the piston rod is a “large 
bar”, therefore the theory of EULER is going to be used to make the 
calculations (APPENDIX Nº 8) .It also assumed a coefficient of security of 3 
and the material to use is steel with a young module of 210 GPa. 
 
First of all it is important to find out the factor of buckling ( β ).It is 
selected in the table below: 
 
 
 
-TABLE 3: factor of buckling- 
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For this theory the maximum force that the piston rod can resist is 
calculated with the following formula: 
 
( )
2 2
4
22
1 64500 3 194000
2100001 194000 45300
348 2
Fcr Fc Cs N
I E IFcr I mm
Le
π π
= ⋅ = ⋅
⋅ ⋅ ⋅ ⋅= = = ⇒⋅
?
?
 
 
Now that the inertia is known, the “possible” diameter is calculated: 
 
4
4 4
64 45300 64 30
64
d II d mmπ π π
⋅ ⋅ ⋅= ⇒ = = ?  
 
 
 
 
The turning radio is calculated like this: 
 
2
45300 8
(30)
4
Ii
A π= = ⋅ ?  
 
Now the slenderness of the column is going to be calculated: 
 
348 2 87
8
Le
i
λ ⋅= = ?  
 
2 2
lim
2 2 210000 109
320f
Eπ πλ σ
⋅ ⋅ ⋅ ⋅= = ?  
 
 
 
Now all information is known and it is possible to check if really it is large 
column or not. It is going to be checked with this: 
 
limλ λ>  
 
87 109<  
 
It doesn’t fulfil the requirements, therefore the “JHONSON’S method” to 
short columns is going to be assessed (APPENDIX Nº 9). 
 
Now the method consist of trying with other diameters until we find a 
diameter whose maximum force is bigger than the previous force calculated 
with EULER. 
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A diameter of 35mm is chosen: 
 
4 4
4
2
35 73700
64 65
73700 9
(35)
4
348 2 77
9
dI mm
Ii
A
Le
i
π π
π
λ
⋅ ⋅= =
= = ⋅
⋅= =
?
?
?
 
 
2 2 2
2 2
35 350 772 1 350 1 252000
4 4 4 210.000
f
fFcr A N
E
σ λ πσ π π
⎡ ⎤ ⎡ ⎤⋅ ⋅ ⋅= ⋅ − = ⋅ −⎢ ⎥ ⎢ ⎥⋅ ⋅ ⋅ ⋅⎣ ⎦ ⎣ ⎦
?  
 
It is checked if Fcr2 is bigger than Frc1: 
 
252000 194000N N>  
 
Therefore, this diameter fulfils the requirements. 
 
 
 
PISTON’S ROD DIAMETER=35mm 
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2.2.7 INFORMATION OF THE PUMP 
 
As it was commented on Chapter 2.2.1, the cylinder chosen needs a 
pressure supplier and in hydraulic cylinder’s case a pump is the machine in 
charge of supplying the compressed liquid. Therefore, in this chapter the 
characteristics of the pump are going to be calculated and a pump for a 
catalogue of a company (APPENDIX Nº 10) will be chosen. 
 
2.2.7.1 FLOW 
 
To chose a pump the speed of the speed of the fluid is assumed as 
0,04m/s. 
 
In this way the flow of the pump is calculated in this way: 
 
2
4 3
3
4
3
0,125 0,04 4,9 10 /
4
1000 604,9 10 29,5 / min
1 1
Flow A S m s
m L s L
s m m
π −
−
⋅= ⋅ = ⋅ = ⋅
⋅ × × ?
 
 
 
FLOW=29, 5 l/min 
 
Now having a look to the following information about pumps the pump 
BOSCH REXROTH AG-FS4-SIZE 20 is selected. The reason why this one 
is selected is because if the pump with the next flow were selected there 
would be an unnecessary consumption of electricity. With a consumption of 
28, 9 L/min, which is very close to the information calculated (29, 5 L/min) is 
enough. 
   
 
 
-TABLE 4: information about standard pumps - 
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2.2.7.2 POWER TO ACTIVATE THE PUMP 
 
It assumed an output of 0, 9  
 
The power can be calculated with the following formula: 
 
52,5 28,9 2,75
612 612 0,9
P FlowPOW KWη
⋅ ⋅= = =⋅ ⋅  
 
POWER TO ACTIVATE THE PUMP= 2, 75 KW 
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2.3 STRUCTURE 
 
In this chapter all components of the structure are going to be studied. Bars, 
holes, welding and plates are going to be calculated. In this way all components 
of the mechanism will be known. 
 
2.3.1 BARS 
 
Here all components of the bars are going to be calculated. They are the 
stuff in charge of moving the mechanism. Within the components of the bars 
there are: holes to fix the bars and to fix the cylinder, and the cross section of 
the bars. All of them are going to be calculated in the following chapters 
 
2.3.1.1 CALCULATIONS OF THE HOLES TO FIX THE BARS 
 
ASSUMPTIONS: 
 
• It is assumed that all of the diameters of the holes will have the 
same diameter 
 
• They will work on simple shear 
 
As all of the holes must have the same diameter, the first step that must 
be done is to find the support which will support the most efforts 
because this hole will support the maximum effort. It means that the other 
holes will be able to support fewer efforts. 
 
Therefore all of the supports are going to be assessed with the formulas 
that were calculated in Chapter 2.2.3: 
 
A 
 
                                      
 
325 325 500500 250 2450
650
PRay P kg N
a
⋅ ⋅= − + = − + = − −?      
 
 
 
C 
 
325 3251 500 1 250 2450
650
Rcx P kg N
a
⎛ ⎞ ⎛ ⎞= − = − =⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠ ?  
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D 
 
 
    325 325 500 250 2450
650
PRdy kg N
a
⋅ ⋅= = = ?  
 
 
 
 
 
 
B 
 
cos 3285( 500 ) cos8,75º 3250 31900
325 650 500 325 650 5002 2 500 3285 8,75º
650 650
250 2450
Rbx F P kg kg N
P PRby P F sen sen
a a
kg N
α
α
= − ⋅ = = ⋅
⋅ ⋅ ⋅ ⋅⎛ ⎞ ⎛ ⎞= + ⋅ − − ⋅ = + ⋅ − − ⋅⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠
? ?
? ?
 
 
2 2 32000Rbt Rbx Rby N= + ?  
 
E 
 
 
 
 
 
 
 
 
0 cos 3285 cos8.75º 3250 31900
0 Re 500 3285 8,75º 0
Fx Rx F kg N
Fy Ry y F sen sen
α
α
= ⇒ = ⋅ = ⋅
= ⇒ = − ⋅ = − ⋅ =
∑
∑
? ?
 
 
2 2Re Re Re 31900t x y N= + ?  
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It is clear to see that the hole which will stand more effort will be the letter 
B (32000N ). Therefore all the calculations will be made taking into account 
this hole. 
 
2.3.1.2 DIAMETER 
 
Now knowing that the holes work in simple share (Picture 36) and using 
the theory of maximum shear: 
 
 
 
 
 
2350max 87,5 /
2 2 2
Fh
A
f N mm
Csy
τ
στ
=
= = =⋅ ⋅
 
 
 
 
 
 
 
      -PICTURE 36: simple shear- 
 
 
If hτ  and maxτ  are the same it is possible to do this: 
 
2
4 32000 4max 21,5
87,5
4
F Fh d mm
d h
τ τ π τ π π
⋅ ⋅= = ⇒ = = =⋅ ⋅ ⋅  
 
DIAMETER OF THE HOLES=25mm 
 
 
2.3.1.3 THICKNESS 
 
The next information to be calculated is the thickness of the rectangular 
cross section. It is going to be calculated taking into account the crush of 
the holes. 
 
To do that two formulas are going to be used: 
2350 175 /
2
Fc
t d
y N mm
Csy
σ
σσ
= ⋅
= = =
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If cσ hτ  and σ  are the same it is possible to do this: 
 
32000175 7,3
175 25
F t mm
t d
= ⇒ =⋅ ⋅ ?  
 
 
THICKNESS = 10mm 
 
 
2.3.1.4 HEIGHT 
 
Now it is possible to calculate the height of the rectangular cross section 
of the bars. 
 
To calculate that, the diagrams of moments, shears and 
compressions are needed. 
 
First of all, the bar D-E-B is going to be shown with all its forces. 
 
 
 
 
-PICTURE 37: reactions in D-E-B bar- 
 
 
Summary of the forces: 
                                                                                                 
         
250 2450
Re 500 4910
Rdy kg N
y kg N
= =
= =                          
cos 3250 31900
500 4910
F kg N
F sen kg N
α
α
⋅ = =
⋅ = =  
 
 
 
 
 
 
 
6570 64500
250 2450
3250 31900
Fcil kg N
Rby kg N
Rbx kg N= − = −
? ?
? ?
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Now it is known that this diagram is equal to the following one (the axes 
are changed to use the axis x and y of the bar): 
 
 
 
 
-PICTURE 38: reactions in D-E-B with new axes- 
 
 
Knowing the equivalent model it is possible to calculate the diagrams: 
 
 
 
 
-PICTURE 39: calculations of diagrams of D-E-B bar. Part 1- 
 
 
 
373
2420
2420 ( 0 0 ) ( 655 1590000 )
N N
V N
M x x M N x M N mm
=
=
= ⋅ ⇒ = ⇒ = ⇒ = ⇒ ⋅?
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-PICTURE 40 calculations of diagrams of D-E-B bar. Part 2- 
 
 
31900
2430
2430 ( 0 0 ) ( 655 1590000 )
N N
V N
M x x M N x M N mm
=
=
= ⋅ ⇒ = ⇒ = ⇒ = ⇒ ⋅?
 
 
 
DIAGRAMS 
 
 
 
-PICTURE 41: diagram of compression forces of D-E-B bar- 
 
 
 
 
 
-PICTURE 42 :diagram of shears of D-E-B bar- 
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-PICTURE 43 diagram of moments of D-E-B bar- 
 
 
Once that the diagrams have been solved, it is possible to calculate the 
height of the rectangular cross section. 
 
To calculate that, this formula is going to be used (APPENDIX Nº11): 
 
Mz N yx
Wz A Csy
σσ σ= + ≤ =  
 
The rectangular cross section is like the picture below and with this cross 
section it is possible to calculate: 
 
 
 
2
3 3 3
3
2
350 175 /
2
1 1 10 0,83
12 12
max 0,5
0,83 1,66
max 0,5
10
y N mm
Csy
Inertia b h h h
Y h
inertia hWz h
Y h
Area b h h
σσ ≤ = =
= ⋅ ⋅ = ⋅ ⋅ =
= −
= = = −−
= ⋅ = ⋅
 
 
 
 
 
  
-PICTURE 44: cross section of D-E-B bar- 
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It is important to say where the negative value of  maxY  comes from. 
Due to the criteria of the signs of the forces and moments (APPENDIX 
Nº12), there is a negative moment and a negative force (compression) 
(you can check that in the previous diagrams). Besides, another  important 
information to taken into account is that the value of the stress produced by 
the shore is not taken into account in this kind of cross section because it is 
very small in comparison with the value of the normal stress produced by the 
moment and by the compression force.  
 
Therefore there are these forces and moments in the cross section: 
 
 
 
-PICTURE 45: compression force and moment in D-E-B cross section-- 
 
As you can see the most unfavourable part of this cross section is in 
/ 2Y h= −  because there is, on the one hand, a negative compression force 
and, on the other hand, a negative value of moment. If you add these 
values, it is clear to see that this part will support more stress than the other 
ones. Therefore, it is clear that it is necessary to work with this part because 
if this part supports the effort, the other ones will also do. 
 
With all information explained before the height of the rectangular cross 
section is calculated in this way: 
 
2
2
2
2
1590000 32000175
1,66 10
175 957831 3200
175 3200 957831 0
3190 3200 4 175 ( 957831)
2 175
h h
h h
h h
h
−= +− ⋅ ⋅
⋅ = + ⋅
⋅ − ⋅ − =
± − ⋅ ⋅ −= ⋅
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83,7
65,4
h mm
h mm
=
= −  
 
There are two possible values for the height of the bars but logically a 
negative value does not make sense for a height. In this way the height of 
the bars is: 
 
HEIGHT=90mm 
                                                      
 
2.3.1.5 BUCKLING 
 
Now that all information is known, it is very important to check if with 
these measurements the bars will resist to buckling. 
 
To check it, the security coefficient to buckling will be calculated. If 
this coefficient is less than 1, the measurements will have to be recalculated 
but if the coefficient is 1 or more than 1, it will resist to buckling. 
 
The rectangular cross section of the bar is like this: 
  
 
 
 
 
2
3 3 4
90 10 900
1 1( ) 90 10 7500
12 12
Area b h mm
Inertia y h b mm
= ⋅ = ⋅ =
= ⋅ ⋅ = ⋅ ⋅ =  
 
 
 
 
 
 
 
 
 
 
   
-PICTURE 46: complete cross section of D-E-B bar - 
 
 
 
 
 
(Note: to calculate the inertia the y axis has been taken. It is because is the critical axis, 
it means that it is the axis with less inertia) 
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Now it is very important to check if the bar is either a large column 
(EULER) or a short one (JHONSON). 
 
To check it is going to be proceeded in the same way than in Chapter 
2.2.6: 
 
7500 2,88
900
Ii
A
= = =  
 
2 2
lim
2 2 210000 109
320f
Eπ πλ σ
⋅ ⋅ ⋅ ⋅= = ?  
To know the value of β  the following table will be assessed: 
 
 
 
-TABLE 5: coefficients of buckling- 
 
 
655 1 227
2,88
Le L
i i
βλ ⋅ = ⋅= = ?  
 
 
Finally it is possible to check that: 
 
227 109>  
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In this way this bar can be studied like a ‘’large column’’ (EULER). 
 
Euler’s theory says that (APPENDIX Nº8): 
 
 
( )
2 2
22
1
210000 75001 36200
655 1
Fcr Fc Cs
I EFcr N
Le
π π
= ⋅
⋅ ⋅ ⋅ ⋅= = =⋅
 
 
On the other hand the maximum compression force which was 
calculated in Chapter 2.3.1.2 and which was placed on the hole ‘’B’’ is 
known. 
 
32000Fc N=  
 
Finally, if the two formulas are put together, it is possible to find out the 
value of security coefficient 
 
36200 1,13
32000
FcrCsb
Fcomp
= = =  
 
 
COEFFICIENT OF SECURITY AGAINST BUCKLING= 1, 13 
 
The security coefficient is bigger than 1, therefore the bars will stand 
the buckling and they will not be broken. 
 
Therefore it is not needed to recalculate the measurements of the bars. 
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2.3.2 SUPPORTER OF THE CYLINDER 
 
The cylinder will be fixed with the construction below:  
 
 
 
-PICTURE 47: supporter of the cylinder- 
 
Therefore, it is necessary to calculate all the information about the two 
structures that will support the bar in which the cylinder will be joined. In this 
chapter all this information is going to be calculated 
 
2.3.2.1 DIAMETER OF THE HOLE  
 
As you can see in the picture below it is necessary to calculate the 
diameter of the hole where the bars to support the cylinder will be inserted. 
In this hole there is only one force and this is the entire maximum force of 
the cylinder (calculated in Chapter 2.2.3). 
 
 
-PICTURE 48: forces on the support of the cylinder- 
 
The diameter is going to be calculated as the previous ones but with a 
little difference. The difference is that now there are two supports (as you 
could see in Picture 47 and therefore now there is a double shore. You 
can see that in Picture 49: 
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2
2
1 350max 87,5 /
2 2 2
Fh
A
y N mm
Csy
τ
στ
= ⋅
= = =⋅
 
 
 
 
 
 
 
-PICTURE 49: double shear- 
 
If hτ  and maxτ  are the same it is possible to do this: 
 
2
4 64500 4max 21,7
87,5 2
4
F Fh d mm
d h
τ τ π τ π π
⋅ ⋅= = ⇒ = = =⋅ ⋅ ⋅ ⋅  
 
DIAMETER OF THE HOLES OF THE SUPPORT OF THE 
CYLINDER =25mm 
 
 2.3.2.2 THICKNESS 
 
In this chapter the thickness of the supports of the cylinder is going to be 
calculated. To do that, the crush of the support is going to be taken into 
account. As it was seen in a previous Chapter 2.3.1.3, to calculate 
thickness two formulas are needed. Therefore, these same formulas are 
going to be used to calculate the thickness of the support. 
   
2350 175 /
2
Fc
t d
y N mm
Csy
σ
σσ
= ⋅
= = =
 
 
32300175 7,3
175 25
F t mm
t d
= ⇒ = =⋅ ⋅  
 
 
-PICTURE 50: thickness of the support of the cylinder-                                         
 
 
THICKNESS OF THE SUPPORT OF THE CYLINDER: 10 mm 
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2.3.2.3 WIDTH 
 
To calculate the width there are two forces that must be taken into 
account (Fy and Mz).They will act in the base of the support. 
 
You can see that in the picture below: 
 
 
 
-PICTURE 51: width of the support of the cylinder- 
  
  
 In this way the following formula is going to be used (APPENDIX Nº11): 
 
2
6
Fy Mzw
t wt w
σ = + ⋅⋅  
 And the forces are these ones: 
 
32300 8,75º 4910
cos 32300 cos8,75º 90 2870000
Fy Fcil sen sen N
Mz Fcil d N mm
α
α
= ⋅ = ⋅
= ⋅ ⋅ = ⋅ ⋅ ⋅
?
?  
 
 
 Firstly, it is going to be tried with just Mz because, otherwise, the 
calculations would be more difficult (there would be the unknown  “w” up to 
3).In this way there will be a “possible” value of “w” that will be to have 
assessed. 
 
 Therefore: 
 
6 2870000 6 99 100
10 175
Mzw mm
t wσ
⋅ ⋅= = =⋅ ⋅ ?  
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On the other hand, it is known that: 
 
2175 /w N mmσ σ≤ =  
 
 
 Therefore, we need to check this equality: 
 
2
2 2
4910 2870000 6 177 /
10 100 10 100
6
Fy Mzw N mm
t wt w
σ ⋅= + = +⋅⋅ ⋅ ⋅ ?  
 
 With 100mm of width the equality is not right, so we need to try with 
another higher measurement. 
 
 We are going to try with 110mm : 
 
2
2 2
4910 2870000 6 147 /
10 110 10 110
6
Fy Mzw N mm
t wt w
σ ⋅= + = +⋅⋅ ⋅ ⋅ ?  
 
 With this measurement, the equality is right because σ  is bigger than 
wσ .In this way it is guaranteed that the material will not break because it will 
work with a stress smaller than the limit stress to be broken. 
 
 Therefore: 
 
WIDTH OF THE SUPPORT OF THE CYLINDER = 110mm 
 
 
2.3.2.4 WELDING 
 
As it was explained in the previous chapter the support of the cylinder will 
consist of two supporters joined by a bar. You can see that in the picture 
below. 
 
 
-PICTURE 52: welding of the support of the cylinder-- 
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As you can see the two supports must be fixed to the ground and to do 
  that a welding through all length is going to be used. As it is also known, the 
force of the cylinder has two components, one vertical and another 
horizontal. The horizontal one will produce flexion in the welding and the 
vertical one will produce traction. Besides, another thing that is important 
to comment is that in the formula of the normal stress there are two forces 
acting (moment of Fh  and traction of Fv ) and therefore it is necessary to 
add the stress produced by these two forces.  
  
      Therefore, knowing the value of the forces is possible to calculate the 
right welding to work on. 
 
You can see where the formulas come from in APPENDIX Nº14 (traction 
case) and in APPENDIX Nº15 (flexion case) 
 
  
 Therefore the forces actuating on the supporter are : 
 
 
 64500FcilMax N=      64500 cos8,75º 63700
64500 8,75º 9810
Fh N
Fv sen N
= ⋅ =
= ⋅ =  
 
  
But there are two supporters and therefore each supporter will stand half 
of the load. Therefore: 
 
63700 / 2 31850
9810 / 2 4905
Fh N
Fv N
= =
= =  
 
 
 SECTION 1 
 
 
2 2
1 0
/ 2 31850 / 2 1452
110
/ 2 / 2 31850 / 2 90 4905 / 2 711 22 733max
/ 6 110 / 6 2 110
t
Fht
L a a a
M N Fh d Fvn
W a a L a a a a a a
=
= = =⋅ ⋅
⋅ ⋅= + = + = + = + =⋅ ⋅ ⋅ ⋅
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SECTION 2 
 
 
1 max 7331
2 2
1452 2
73301 733
2 2 2
t n
a
t
a
t n a
a
τ
τ
σ
−= = − ⋅
= =
++= = = ⋅
 
 
 
 In this case a coefficient of security of 2 is assumed and the formula 
of the coefficient of security is also know .That is why it is possible to 
calculate the section of the welding: 
 
  
2350 /
2
y N mm
Cs
σ =
=          
2350 175 /
2
yCs N mmσ σσ= ⇒ = =  
 
 Now the equivalent stress (because there are tangential and normal 
stresses) must be calculated like this: 
 
( )2 2 2
2 2 2
3 1
733 733 1453 175
2 2
eq
aa a
σ σ τ τ σ= + + ≤
⎡ ⎤−⎛ ⎞ ⎛ ⎞ ⎛ ⎞+ + ≤⎢ ⎥⎜ ⎟⎜ ⎟ ⎜ ⎟⋅ ⋅ ⎝ ⎠⎝ ⎠ ⎝ ⎠⎢ ⎥⎣ ⎦
 
 
WELDING OF = 6mm 
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2.3.3 STRUCTURE ON THE TOP 
 
To fix the belt conveyors, a structure on the top of the mechanism is 
needed. It will consist of: a sheet on the top, two “UPN” profiles, five 
reinforcing flat bars and a thin sheet glued to these flat bars. The function of 
each one is going be explained in the following chapter but, before that, it is 
possible to have an idea about how the top of the construction will be with the 
picture below: 
 
 
 
-PICTURE 53: structure on the top- 
 
It is important to emphasize that, as you could see in Chapter 2.2.3, in 
which the maximum force of the cylinder was calculated, the total load was 
assumed as a punctual load. But in this chapter a distributed load is 
assumed. It is done to be more precise with the calculations because the 
“real load” is more similar to a distributed load than a punctual load. Even so, 
it is known and assumed that the “real load” in reality is not acting in all the 
surface with the same value but to make the calculations a distributed load is 
a good approximation. 
 
In this chapter all elements in the previous picture are going to be 
designed. 
 
 
(Note: as you can see the total length of the plate should be 1505mm due to the 
thickness of the reinforcing flat bars but it is taken 1500 to make the calculations) 
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2.3.3.1 SHEET ON THE TOP 
 
As you can see in Picture 53 the structure on the top has a sheet. 
Therefore in this chapter the thickness of the sheet is going to be calculated. 
 
The first step is to know the model of the structure that is going to be 
calculated. With this model it will possible to calculate the maximum moment 
of the structure and with this value it will be possible to calculate the 
thickness of the sheet. The model is similar to the one below: 
 
 
-PICTURE 54: model of the sheet on the top- 
 
As you can check, both sides have been removed because as you will 
see in Chapter 2.3.3.3 the selected UPN profiles have a length of 50mm and 
they go until the end of each side of the sheet. Therefore, it means that both 
sides can be removed to make the calculations. 
 
Now it is time to calculate the unknown “q”. As it was said before, now 
there is not a punctual load and that is why we need to calculate the 
distributed load acting in the sheet. 
 
First of all, we need to know the total load in the total surface and it is 
done with this formula: 
 
3 21000 9,81 13,1 10 /
1500 500
m gQ N mm
A
−⋅ ⋅= = = ⋅⋅  
 
But to calculate the sheet, the load in the surface of the sheet is 
needed.  
 
That is why: 
 
313,1 10 1500 19,7 /q N mm−= ⋅ ⋅ ?  
 
This is the real distributed load acting along the profile. 
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Now it is possible to calculate the reactions in the model and after that 
the maximum moment 
 
0 19,7 400
0 0
0 19,7 400 205 400 0
Fy Ray Rby
Fx Rax
Mzd Ray
= ⇒ + = ⋅
= ⇒ =
= ⇒ ⋅ ⋅ − ⋅ =
∑
∑
∑
 
 
 
 
3940Ray Rby N= =  
 
 
And the maximum moment is calculated in this way because it is known 
that it will be on the middle of the surface, therefore: 
 
 
   
-PICTURE 55: calculation of the maximum moment on the sheet on the top- 
 
19,7 200 100 3940 200 394000M Nmm= − ⋅ ⋅ + ⋅ =  
 
 
Therefore this value is going to be used for the following calculations. 
 
It is also known that: 
 
Mz N yx
Wz A Csy
σσ σ= + ≤ =              
3 3 3
3
2
1 1 1500 125
12 12
max 0,5
125 250
max 0,5
Inertia b t t t
Y t
inertia tWz t
Y t
= ⋅ ⋅ = ⋅ ⋅ =
=
= = =
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Therefore: 
 
2
394000 3500 3
250 2
t mm
t
+ ≤ ⇒ ≥  
 
 The final thickness chosen is: 
 
THICKNESS OF THE SHEET ON THE TOP = 5mm 
 
 
Also in this chapter the deformations of the sheet are going to be 
shown with the program called “ANSYS”. In this programme the 
deformations of the sheet have been studied with a load of pressure in all of 
the surface and with a constrain of all of the movements in each 50mm  to 
each side (because as you can see in Picture 53 the profiles are in contact 
with the sheet in 50mm to each side and it will not have any movement). 
 
The pressure was calculated in this way: 
 
3 21000 9,81 13,1 10 /
1500 500
m gQ N mm
A
−⋅ ⋅= = = ⋅⋅  
 
And the result of the study with “ANSYS”: 
 
 
 
-PICTURE 56: deformations of the sheet on the top- 
  
As you can see in PICTURE 56, the maximum deformation takes 
place in the middle of the surface and it has a value of 0,4mm .Therefore, 
this value can be assumed like an acceptable value of deformation. 
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2.3.3.2 REINFORCING FLAT BARS 
 
 The function of these bars (the little parts in the previous pictures) is to 
avoid the flexion and the bending of the table in the middle of his surface. 
They are distributed logically through the table each375mm . 
 
 Therefore, as you could see in Picture 53 the only unknown value is the 
value of the height of the reinforcing flat bars because it is given a 
thickness of 5 mm.  
 
It is going to be calculated based on a restriction. This restriction is that 
the maximum vertical displacement of these reinforcing flat bars is 
1mm.In this way a big vertical displacement is avoided. 
 
 The first step is to know the model of the structure that is going to be 
calculated. This model is similar to the one below: 
 
 
 
   
 
-PICTURE 57: model of the reinforcing flat bars- 
 
  
The second step is to find out the load. 
 
As it was mentioned in the previous chapter, the distributed load in the 
entire surface of the mechanism is: 
 
3 21000 9,81 13,1 10 /
1500 500
m gQ N mm
A
−⋅ ⋅= = = ⋅⋅  
 
 
But the load needed to make the calculations must be calculated by 
dividing the total load in the entire surface by the length between each 
reinforcing flat bar because it is the “real” load acting in each bar. 
 
Therefore: 
313,1 10 375 4,91 /q N mm−= ⋅ ⋅ =  
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Important information is to explain why the total load, Q, is multiplied by 
375mm.That is because now only one reinforcing flat bar is being calculated, 
therefore it is necessary to know the load in only one reinforcing flat bar. The 
bars in the sides support only the half of the load and the bars in the middle 
support half load in each side. But if you add the distances of each half load 
the result is 375mm. But it is more clear to see that in the picture below: 
 
 
 
-PICTURE 58: explanation of loads in reinforcing flat bars- 
 
Now it is possible to calculate the height. 
 
As it was said, the maximum vertical displacement must be 1mm , 
therefore ,the following formula is going to be used to calculate the height of 
the bars because it is the same model as in the picture below: 
 
 
 
-PICTURE 59: formulas to calculate maximum displacements- 
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45max
384
q lf
E I
⋅ ⋅= ⋅ ⋅                   
2
3 3
4,91 /
375
210.000 ( )
1 1 5
12 12
q N mm
L mm
E Mpa steel
I b h h
=
=
=
= ⋅ ⋅ = ⋅ ⋅
 
 
 
3 4384 210.000 5 12 5 4,91 400 26,5h h⋅ ⋅ ⋅ = ⋅ ⋅ ⋅ ⇒ =  
 
 
HEIGHT OF THE REINFORCING FLAT BARS= 30mm 
 
 
2.3.3.3 UPN PROFILES 
 
Now it is time to calculate the profiles which will be glued to the sheet on 
the top as you could see in Picture 53. They are UPN profiles because they 
are the best kind of profile for this kind of structure. They have another 
mission and this is to fix the bars that are used to lift the structure up (they 
were calculated in Chapter 2.3.1) 
 
To find the right profiles, we need to calculate the module “Wx ” of the 
section and to do that we need to calculate the maximum moment acting in 
the section. Once that it has been calculated, the standard profile will be 
chosen from a list of these kinds of profiles. 
 
But firstly, as it has been done almost in all of the chapters, we need to 
find the equivalent model to calculate the measurements. 
 
In this case the model is like this: 
 
 
 
-PICTURE 60 : model of UPN profiles- 
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In this case we also need to find out the unknown “q” .It is going to be 
calculated in a similar way to the one in Chapter 2.3.3.2. 
 
 
3 21000 9,81 13,1 10 /
1500 500
m gQ N mm
A
−⋅ ⋅= = = ⋅⋅  
 
 
313,1 10 250 3,28 /q N mm−= ⋅ ⋅ =  
 
 
 
Now the total load is multiplied by 250mm because of the same reason 
than in the previous chapter: 
 
 
 
 
-PICTURE 61: load of the UPN profiles- 
 
Another unknown value is the value of the reactions in the supports. 
They must be calculated again because they are not like in the first chapter. 
 
Therefore: 
 
 
0 0
0 3, 28 1500
0 3, 28 1400 700 3, 28 100 50 1300
Fx Rcx
Fy Rdy Rcy
Mzd Rdy
= ⇒ =
= ⇒ + = ⋅
= ⇒ ⋅ ⋅ − ⋅ ⋅ = ⋅
∑
∑
∑
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2460
2460
Rcy N
Rdy N
=
=  
 
 
Now it is possible to calculate the maximum moment. It is known that it 
will be in the middle of the profile: 
 
 
 
-PICTURE 62:calculations of maximum moment in the UPN profiles- 
 
 
2460 650 3,28 750 375 677000M Nmm= ⋅ − ⋅ ⋅ =  
 
 
Therefore this value is going to be used for the following calculations. 
 
It is also known that: 
 
Mz N yx w
Wz A Csy
σσ σ= + ≤ =  
 
Therefore: 
 
3 3
677000 3500
2
3870 3,87
x
Wz
Wx mm cm
σ = + ≤
≥ =
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With this value it is possible to select a profile from the Table 6 below: 
 
 
 
 
-TABLE 6: UPN profiles- 
 
 
But it is important to take into account that, for designing reasons, the 
final profile is bigger than the following with a bigger Wx  than 33,87cm . 
Otherwise, it would be impossible to place the wheels of the bars which lift 
the mechanism up and the bars would touch with the reinforcing flat bars 
and the movement would be impossible. You can see it better in DRAWING 
Nº1 
 
Taking into account all that was said the profile chosen is: 
 
PROFILE “UPN” 100x50 
 -AUTOMATION OF PROFILE PACKING- 
-ALBERTO NAVARRO BUENO- 67
3. CONCLUSIONS 
 
 In this project a mechanism to automate the profile packing has been 
designed and as it was said in Chapter 1.3.1 this mechanism can be perfectly 
implemented in the little station that they have, but to implement this idea there, 
it should be necessary to look into some aspects that for the problem of time it 
has been impossible to optimize. 
 
 Unfortunately, as it was said in Chapter 1.3 this mechanism has not 
fulfilled all of the desired objectives of the company. However it is strongly 
thought that with more time of studying it could be possible to reach a better 
solution to solve all of the problems that this project has not been able to solve. 
 
 Even so, if the company really wanted to implement this idea or to get a 
global solution to solve all of the problem mentioned in Chapter 1.2.1 , they 
should look into and they should optimize the following aspects: 
 
• To lift the profiles with the belt conveyor: It should be necessary to 
look into this aspect due to it could be possible to lift up and to move 
more kind of profiles than the ones that we have thought about (heaviest 
square bars).It depends on the kinds of tails. 
 
 
 
 
 
-PICTURE 63:optimize the available profiles to work on- 
 
 For our idea with this tail is enough because the profiles to work with 
 have  a minimum width of 100mm  and therefore as you can see on 
 Picture 63 you  only need a distance between conveyors of 
 54mm .Therefore it could be  interesting to look into this and to figure 
 out which kind of profiles (apart  from the heaviest square bar) are 
 available to use with the idea  explained  during this project. For 
 example a good kind of profiles to  deal with could be the round 
 profiles because they have the  inconvenient that they can turn and 
 therefore they could fall from  the  conveyor. 
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• To optimize the mobile conveyor: as it was explained in Chapter 1.4 
there is a mobile conveyor to move the profiles from the belt conveyors 
to the packing table. This step has not been looked into and therefore it 
should be necessary to think about this mobile conveyor in aspects like 
for example: the kind of movement (by rails or by another mechanism) 
the kind of conveyor, the speed of the movement etc. 
 
• Related to the previous comment it also should be necessary to look into 
the step in which the profiles are finally placed in the packing table, 
like for example: they way of placing them, the rights positions in the 
packing table etc. 
 
• It is also very important to look into the electronic stuff of the whole 
mechanism because as it was explained, everything should work 
automatically and therefore some sensors and electronic parts are 
needed. 
 
• As it was explained in Chapter 1.4.2.2 it would also be interesting to take 
a look on the last part of the process of profile packing. It takes place 
when the operator finishes the packing and he has to move it to the place 
where all finished product are. It was commented that it could be a good 
idea to put some rollers in the packing table and to place this area of 
finished products close to that. Therefore, in this way they could push he 
profiles they would not need to take the profiles by hand to place in the 
commented area. It could be good to look into this step. 
 
 
 Therefore taking a look on that the project should success and the 
company could become the leader in the handling of aluminium profiles and 
bars. 
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5. APPENDIX 
 
APPENDIX Nº1: CATALOGUE OF ALUMECO’S PRODUCTS 
 
 
 
 
(Note: this is the kind of profile that has been taken into account to approach the 
project) 
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APPENDIX Nº2: SELECTED WHEELS 
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APPENDIX Nº3: BELT CONVEYOR 
 
 
• GENERAL INFORMATION 
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• STANDS 
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• TAILS 
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APPENDIX Nº4: TABLE WITH FORCES OF THE CYLINDER 
 
 
 
b(mm) a(mm) α (º) Fcil(N) 
200 1294,64 8,72 64508,00 
300 1275,19 12,77 43570,41 
400 1247,44 16,48 33193,14 
500 1210,83 19,81 26980,26 
600 1164,52 22,70 22786,77 
700 1107,29 25,14 19680,18 
800 1037,35 27,12 17177,86 
900 951,89 28,65 14987,47 
1000 846,23 29,71 12891,83 
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APPENDIX Nº5: SECURITY COEFFICIENT  
 
 
 
 
 
APPENDIX Nº6: THEORY OF MAXIMUM SHEAR 
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APPENDIX Nº7: THEORY OF THICK-WALLED CYLINDERS 
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APPENDIX Nº8: THEORY OF BUCKLING (EULER) 
 
 
´ 
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APPENDIX Nº9: THEORY OF BUCKLING (JOHNSON) 
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APPENDIX Nº10: INFORMATION ABOUT PUMPS 
 
• SELECTED PUMP 
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• CHARACTERISTICS 
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APPENDIX Nº11: COMPOUND FLEXION 
 
 
 
 
 
 
 
APPENDIX Nº12: CRITERIA OF SIGNS OF THE MOMENTS AND 
SHEARS 
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APPENDIX Nº13: THEORY OF WELDINGS 
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APPENDIX Nº14: THEORY OF WELDINGS (TRACTION) 
 
 
 
 
 
 
APPENDIX Nº15: THEORY OF WELDINGS (SIMPLE FLEXION) 
 
 
 
 
